ABSTRACT Objective: To measure the incidence of infection in short-term central venous catheter for hemodialysis and to identify the associated risk factors. Method: Prospective cohort study conducted in a teaching hospital from September 2015 to April 2016. Patients requiring central venous catheter for hemodialysis were included and data was collected through direct and systematic observation of the catheter insertion procedure by the researchers. Results: The fi nal sample consisted of 69 patients, who used 88 catheters. The incidence of infection was 9.1%, and the risk factors were length of hospital stay and insertion of the catheter in the left femoral vein. Conclusion: The observation of the actions performed during the insertion of the catheter made it possible to identify the risk factors associated with infection, and the research protocol may have contributed to the reduction of infection rates.
INTRODUCTION
A short-term central venous catheter (CVC) is a widely used alternative for hemodialysis, especially in emergency situations when there is no permanent and viable venous access for treatment. It is estimated that, among 91.2% of the hemodialysis patients in Brazil, 16 .6% use the CVC as the access route and, of these CVCs, 9.2% are of short-term (1) . There are a lot of advantages to the CVC; however, when compared to other types of accesses, it is a major risk factor for primary bloodstream infection (BSI). It is also associated with an increase in the risk of mortality and/or in the risk of other complications, such as endocarditis, epidural abscess and arthritis (2) (3) (4) . The criteria for the diagnosis of BSI are determined by the Brazilian Health Regulatory Agency (ANVISA) and include: laboratory BSI (presence of one or more positive blood cultures in which the pathogen is not related to infection in another site; or presence of signs and symptoms such as fever, hypotension and oliguria associated with the presence of two or more positive blood cultures) and clinical BSI (signs and symptoms such as fever, hypotension and oliguria, not related to infection in another site and associated with negative or unrecorded blood culture and antimicrobial therapy for sepsis) (3) . Several factors may lead to these infections, such as the presence of comorbidities, inadequate nutrition and uremia, duration of catheterization, insertion site, and manipulation of the catheter by the health professionals in charge of the hemodialysis (5) (6) (7) (8) . Another factor that may also contribute to the development of infection is not following aseptic techniques during the insertion of the catheter, therefore, strictly following the international recommendations for skin preparation, hand hygiene, maximal sterile barrier precautions and proper choice of insertion site is necessary.
OBJECTIVE
To measure the incidence of infection in short-term central venous catheter for hemodialysis and to identify the associated risk factors.
METHOD Ethical Aspects
This study was approved by the Research Ethics Committee of the Clinic's Hospital of the Federal University of Paraná (UFPR). The recommendations in the Guidelines and Standards for Research involving Human Beings established in Resolution 466/2012 of the National Health Council were respected. The participation in the research occurred after the patient or family signed a Consent Form (CF).
Design, setting and period This is a prospective cohort study conducted in a teaching hospital in the city of Curitiba/PR, in the following units: semi-intensive care unit (SICU) and the intensive care unit (ICU) and nephrology -which is focused exclusively on hemodialysis and receives patients from different hospitalization units of the hospital. The data was collected from September 2015 to April 2016.
Sample, inclusion and exclusion criteria
The study participants were patients who required a central venous catheter for hemodialysis. Inclusion criteria were: requiring a short-term central venous catheter for hemodialysis and having the catheter inserted in the presence of a researcher. Exclusion criteria were: patients who had a previous diagnosis of primary bloodstream infection. In the convenience sample, 69 patients, who were accessible for a period of time (9) and had used 88 catheters, were consecutively included.
Study Protocol
Data was collected every day, including weekends and holidays, in the morning and afternoon, following a previously established scale. The team responsible for data collection was composed of the main researcher, a master's degree student, a PhD student and four Scientific Initiation Scholarship Program 1 students (undergraduates), all previously trained to ensure homogeneity in data collection.
The participants were included after the team of researchers observed the catheter insertion procedure. The procedure was directly and systematically observed by the research team, using a pre-prepared checklist instrument. The instrument included sociodemographic and clinical variables and variables related to the catheter. All actions performed during insertion of the catheter were recorded: preparation of the skin, hand hygiene of the professional in charge, use of maximal sterile barrier and choice of insertion site. All professionals responsible for the insertion of the catheters were previously aware of the research and were only observed after signing a specific consent form.
Patients were followed up until the removal of the catheter, which could occur due to recovery of renal function, catheter dysfunction, suspected infection or death. Follow up also stopped when the patient was discharged with the catheter to continue treatment at hemodialysis clinics.
Analysis of results and statistics
The outcome assessed was primary bloodstream infection, according to the diagnosis criteria for laboratory BSI determined by ANVISA (3) . All infections were confirmed and notified by the Hospital Infection Control Service (HICS) in the hospital where the research was conducted. Statistical analysis was performed with the Statistical Package for the Social Sciences (SPSS®) version 20.0 and Bioestat version 5.0. The chi-square test and the Fisher's exact test were used for the qualitative variables and the Student's t-test was used for the quantitative variables. P-value <0.05 was considered to indicate statistical significance. The Kaplan-Meier curve was applied to identify the survival time of the catheter until the occurrence of infection.
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RESULTS
A total of 69 patients who used 88 catheters were included in the study. Of these, 8 developed primary BSI, an incidence of 9.1%. There was a predominance of male patients (69.6%), Caucasians (73.9%), with a mean age of 54.57 years (± 15.90). Among the comorbidities presented by the patients, 58% had systemic arterial hypertension, 21.7% had diabetes mellitus and 42% had other associated comorbidities.
The majority of the patients were hospitalized in the SICU (39.1%), and the mean length of hospital stay was 26.29 (± 25.29) days. The main medical diagnosis on admission was related to diseases of the genitourinary system (44.9%), followed by digestive tract disease (17.4%). The main reason for hemodialysis was acute kidney injury (AKI) (66.7%). The other patients had acute chronic renal failure, which required immediate hemodialysis. The majority of the patients did not have a surgical procedure (76.8%), had no confirmed source of infection (63.8%), used antimicrobial agents during the hospitalization period (59.4%) and had intact skin in the catheter insertion site (97.2%).
The results regarding socio-demographic and clinical characteristics indicate that patients older than 60 years old are at higher risk (RR = 2.3) of developing infection, as are the patients who consumed alcohol (RR = 2.73) or had comorbidities such as SAH (RR = 2.18) and DM (RR = 2.16). The length of hospital stay was statistically significant when compared to the development of infection: hospital stays longer than 60 days increased the risk of developing infection in 7.13 times (p = 0.020) ( Table 1) .
The maximum number of catheters used by the patients during the study period was four. Eight catheters presented infection, of which 62.5% (n = 5) were the first catheter used by the patient. The results indicate that the use of a third catheter increased the risk (RR = 2.68) of developing infection. As for the catheter insertion site, the jugular vein was predominant, but the insertion of the catheter in the left femoral vein increased the risk of infection in 10.67 times (p = 0.038). The mean duration of catheterization was 8.53 (± 4.97) days ( Table 2 ).
The analysis of the catheter survival time shows that the infection occurred in the first days after insertion, especially until the tenth day, with a lower frequency after this period.
During the insertion of the catheter, all the actions performed by the professionals were observed. Skin disinfection was performed in most procedures. Among the catheters with infection only 1 (12.5%) was not preceded by disinfection; however, this absence increased the risk of infection (RR = 5.33). Hand hygiene was performed by all the professionals observed, and the use of povidone-iodine increased the risk (RR = 3.62) of infection compared to chlorhexidine, as shown in Table 3 .
The main reason for removal of the catheter was recovery of renal function (32.9%), followed by catheter dysfunction (21.5%), suspected infection (12.5%) and death (15.9%). In addition, 17% of the patients were discharged with the catheter to continue treatment in specialized clinics. As for the microorganisms isolated in blood culture, there was a predominance of gram-positive cocci, specially Staphylococcus aureus (4), followed by coagulase-negative staphylococci (2), Staphylococcus epidermidis (1), Enterococcus faecalis (1) and Estreptococcus agalactiae (1) . Among the gram-negative cocci isolated were Klebsiela pneumoniae carbapenemase (1), Acinetobacter baumanii (1) and Serratia marcescens (1) . It should be noted that in some blood cultures, more than one microorganism was isolated. 
DISCUSSION
Only 8 of the 88 catheters included and monitored during the study period presented an infection, representing an incidence of 9.1%. This reduced rate of infection is partially due to the data collection process through direct and systematic observation, which may lead professionals to be more attentive to the actions performed.
The patients who developed infection were predominantly male, Caucasian and older than 60 years old. The latter characteristic showed an increased risk of infection. The other characteristics did not present a significant relationship with the occurrence of the outcome, as in other studies found in the literature (4, 8, 10) . Smoking and alcohol consumption were also reported by patients who developed infection, and those who consumed alcohol had a higher risk of infection than the others. These characteristics are important -especially smoking, which is a risk factor for the progression of renal disease (11) -and may be further investigated in future research.
Among the patients included in the research, 58% reported being hypertensive and 21.7% diabetic; the presence of these two comorbidities increased the risk of developing infection. The presence of multiple comorbidities is common among hemodialysis patients, and when these are associated with inadequate nutrition, uremia and immunological deficiency, they represent an important risk factor for infection (5) (6) . Most of the patients were hospitalized in the SICU, since this unit receives patients from emergency care units from all over the city. The mean length of stay in the hospital was 26.29 ± 25.29 days, and those who remained hospitalized for more than 60 days had a 7.13 times higher risk of developing infection than those who remained hospitalized for less time. Other studies in the literature also found a relationship between length of stay and infection (12) (13) . Hospitalization is common among hemodialysis patients. In the United States admission for hemodialysis patients is 1.7 per patient year and 37% of these were followed by rehospitalization within 30 days (14) . Furthermore, this study found a prolonged length of hospital stay compared to other studies in the literature. This may be related to the complexity of the patients, since most of them had an ARF possibly resulting from other factors, which required longer treatment.
The majority (75%) of the patients who developed infection required only one puncture attempt and the procedure lasted less than 15 minutes (62.5%). These characteristics were not significant for the development of the outcome; however, they are important because they demonstrate how patients are exposed to difficult procedures for long periods of time. The number of lumens of the catheter was also not related to the development of infection. The hemodialysis catheter is used only for the treatment, but the triple lumen catheter has an accessory pathway that allows the infusion of medications even when the patient is not on hemodialysis. This characteristic is important for patients with difficult venous access; however, a lower number of lumens should be chosen whenever possible in order to avoid excessive manipulation (15) . As for the insertion site, the jugular vein was predominant, but the insertion in the left femoral vein increased the risk of developing infection in 10.67 times. The insertion of the hemodialysis catheter in the femoral vein is still widely used, since insertion in the subclavian vein is not recommended because of the risk of stenosis (15) . The mean duration of catheterization was 8.53 (± 4.97) days and 75% of the patients who developed infection remained with the catheter for more than 7 days. In the present study, the mean duration of catheterization was not related to the occurrence of the outcome, but other studies in the literature present a higher mean duration (8) . The short-term hemodialysis catheter should only be used in emergency situations in hospitalized patients and should remain for up to seven days, according to the recommendations of the Kidney Disease Outcomes Quality Initiative (16) . The Kaplan-Meier curve showed that the development of infection occurred mainly in the first days after catheter insertion, especially until the tenth day, even when the recommendations for the catheter insertion were followed. This may indicate that other factors related to the development of the infection, such as the patient's clinical condition, should also be considered, especially for critically ill patients admitted to intensive and semi-intensive care units.
All the actions performed by the professionals responsible for the catheter insertion procedure were observed, and, in general, the standard recommendations for catheter insertion were followed. These recommendations are described in the infection prevention guidelines, known as bundles, from the Centers for Disease Control and Prevention (15) . Only 12.5% of the patients who developed the outcome did not receive skin disinfection. This increased the risk of infection for these patients. Among those who received skin disinfection, the most used solution was povidone-iodine (75%). Hand hygiene was performed in all observations and the povidoneiodine was also the most used solution (87.5%). The use of povidone-iodine increased the risk of infection when compared to chlorhexidine. All catheters that presented infection were inserted with maximal sterile barrier precautions and skin antisepsis, mainly with a 0.5% chlorhexidine solution (75%). These variables did not represent a significant difference in the outcome. All these actions are part of a global strategy for prevention of catheter-related infections (15) . However, even when they are strictly performed, patients are not exempt from this complication, since it can also be related to several other factors. According to a strategy defined by the CDC, disinfection should preferably be performed with 2% chlorhexidine and skin antisepsis with 0.5% chlorhexidine alcohol. In both procedures, in the absence of chlorhexidine, iodine-based solutions can be used. In the present research, there was no difference between the solutions used to prepare the skin. However, studies in the literature have already found reductions in infection rates when using chlorhexidine instead of povidone-iodine (17) . The main reason for catheter removal was the recovery of renal function (32.9%), since the majority of the patients had an ARF. The second main reason was catheter dysfunction (21.5%), which is a consequence of partial or total occlusion of the catheter lumen, is defined as a blood flow rate less than or equal to 300 ml/minute during the first 60 minutes of hemodialysis (16) . This dysfunction is very frequent in temporary catheters and may be responsible for their early removal (18) . Suspected infection was the reason for the removal of 12.5% of the catheters, and death, for 15.9%. In addition, 17% of the patients were discharged with the catheter to continue treatment in specialized clinics.
The predominant microorganism isolated in blood culture was the Staphylococcus aureus. It is the main agent that causes hemodialysis catheter infections, a fact already identified in several studies in the literature (4, 10, 14) .
Limitations of the study
The direct observation method can be considered a limitation of this study. This type of data collection may lead professionals to be more attentive to the actions performed during catheter insertion. However, this method was extremely important and indispensable for the identification of all actions carried out by the health team.
Contributions to the area of health
The present study demonstrated that the risk factors associated with the central venous catheter for hemodialysis are not exclusively related to the professionals' practice. However, these practices should still be regularly evaluated, with the support of educational measures that, along with the implementation of protocols, can promote practices based on the best available evidence.
CONCLUSION
The incidence of infection in the study population was 9.1%, a lower rate when compared to previous statistics. This may be related to the study protocol (direct and systematic observation of the catheter insertion procedure), since it can make professionals more attentive to their practices. The risk factors found in the present study were "length of hospital stay" and "catheter insertion site", a result that corroborates other studies in the literature.
The use of the central venous catheter for hemodialysis is common and brings many benefits to the patient who needs immediate treatment. For this reason, it is extremely important to identify the risk factors for infection, in order to guide the elaboration and adoption of protocols. These measures contribute to reduce infection rates and, consequently, can guarantee quality of care for patients who require hemodialysis.
